The Pain Catastrophizing Scale (PCS) was developed in English to assess 3 components of catastrophizing (rumination, magnification, helplessness). It has been adapted for use and validated with Flemish-speaking children (Pain Catastrophizing Scale for Children [PCS-C]) and French-speaking adolescents. The PCS-C has been back-translated to English and used extensively in research with English-speaking children; however, the factorial validity of the English PCS-C has not been empirically examined. This study assessed the factor structure of the English PCS-C among a community sample of 1,006 English-speaking children (aged 8-18 years). Exploratory factor analysis was conducted using a random subsample (n = 504) to assess the underlying factor structure. Items with poor factor loadings were removed. Confirmatory factor analysis, using the second subsample (n = 502), was used to cross-validate the factor structure revealed by exploratory factor analysis and compare it to the original 3-factor model and other model variants. Exploratory factor analysis revealed that the original PCS-C and a revised 3-factor model comprising 11 of the original 13 PCS-C items, all loading on their original factors, provided adequate fit to the data. The revised model provided statistically better fit to the data compared to all other model variants, suggesting that the English PCS-C may be better understood using a revised 11-item oblique 3-factor model.
P ain catastrophizing, defined as an exaggerated negative orientation toward actual or anticipated pain, 36 is a powerful predictor of pain and disability among adults 33 and children. 1, 41 It is characterized by recurring cognitions about the magnified threat of pain and its perceived uncontrollable and unmanageable nature, aspects referred to as ''rumination,'' ''magnification,'' and ''helplessness.'' 35 The importance of pain catastrophizing among pediatric populations is reflected in its inclusion in empirically and theoretically derived models proposed to explain the processes through which acute pain becomes exacerbated 27 and pain transitions to a chronic state during childhood and adolescence. 1 Consistent with the pediatric fear-avoidance model of chronic pain, 1 child pain catastrophizing is strongly related to fear of pain 18, 34 and pain-related anxiety. 30, 31 Over and above characteristics of pain, pain catastrophizing predicts pain-related disability among children with recurrent and chronic pain 9, 21, 22 and those from community samples. 17, 41 In a recent longitudinal examination of children with functional abdominal pain, pain catastrophizing was used in conjunction with other variables to categorize subgroups of children to predict pain trajectories nearly a decade later. Children who initially reported high pain catastophizing, in addition to poorer coping and higher threat perception, negative affect, symptom complaints, and health-related impairment, were more likely to have chronic pain, psychiatric comorbidities, and higher central sensitization in early adulthood. 45 Pain catastrophizing is thought to make children particularly vulnerable to negative outcomes by evoking, and making them more vulnerable to the effects of, parent behaviors that have been shown to increase child pain. 44, 46 Pain displays of high-catastrophizing children are likely to be poorly read by caregivers 42 and indiscriminately expressed. 43 Furthermore, the tendency to catastrophize about pain may impede the child's ability to use and derive benefit from evidence-based interventions to reduce pain and distress. 44 The Pain Catastrophizing Scale (PCS) was originally developed in English to assess pain catastrophizing in adults. 35 It has been validated in several languages 12, 14, 23, 25, 26, 47 and adapted for use in several age groups, 9, 38 by adults to assess catastrophizing about their significant other's pain, 4 and by parents to assess catastrophizing about their child's pain. 15 The PCS was adapted for use with Flemish-speaking children aged 9 to 16 years (Pain Catastrophizing Scale-Child [PCS-C] 9 ). The content and phrasing of the measure was simplified, and confirmatory factor analysis (CFA) suggested that the original 3-factor model provided good fit to the data, which was invariant across age and gender. The validity of the measure was further supported by its prediction of pain intensity and disability among children with chronic and recurrent pain. Although the PCS-C is a widely used measure of pain catastophizing, exploratory factor analysis (EFA) has never been conducted on the PCS-C with children. Given underlying differences in child and adult nociceptive pain processing, 24 cognitive processing, and the construct of pain catastrophizing across the life span, 11 the aim of the present study was to assess the factor structure of the PCS-C using EFA and CFA in a large community sample of children and adolescents.
Methods

Participants
The present study was approved by the Research Ethics Board of York University (Toronto, Ontario) and the research division of the Ontario Science Centre in Toronto.
A total of 1,022 participants (ages 8-18, mean [M age ] = 11.6, standard deviation [SD] = 2.7) were recruited from the Ontario Science Centre during a 4-week period in the summer of 2009 (see 13 for full recruitment strategy) to participate in this questionnaire-based study. Informed consent and assent were obtained from each parent or guardian and child, respectively, before beginning the study. Data were excluded for 12 participants who withdrew before completion. Data from 4 additional participants were excluded because of obvious inaccuracies (eg, age input as 52 years). The final sample comprised 1,006 participants (54.2% female). Racial demographics were 60.1% Caucasian, 7.3% East Asian, 6.6% South Asian, 4.8% African Canadian, 4.0% African Caribbean, 2.7% Middle Eastern, 2.5% Hispanic/Latino, .7% Aboriginal, and 10% of participants identified as ''other.'' In terms of pain frequency, 5.9% of participants reported experiencing pain every day, 19% reported experiencing pain once or twice per week, 27.5% reported have pain once or twice per month, and 18.5% reported having no pain. Further, 26.6% of participants reported experiencing pain that lasted 3 months or longer. Significant age differences in pain frequency were not observed for boys or girls. A significantly greater number of older boys (12-18 years) reported having experienced persistent pain than younger boys (8-11 years) . No such age differences were found for girls.
The random sampling function in SPSS (SPSS Inc, Chicago, IL) was used to randomly divide the entire sample into 2 groups in preparation for factor analyses. Group A, comprising 504 participants (263 girls aged 8-18 years, M age = 11.72, SD = 2.65), was used for preliminary factor testing and item refinement. Group B, comprising 502 participants (282 girls, aged 8-18 years, M age = 11.49, SD = 2.60), provided an independent sample for confirming proposed factor structures.
Measures
The PCS-C 9 is a 13-item self-report measure designed to assess the extent to which children and adolescents experience catastrophic thoughts and feelings when in pain. The measure was adapted from the adult PCS 35 for use with Flemish-speaking children and adolescents. CFA indicated that like the original PCS, the PCS-C assesses 3 dimensions of catastrophizing about pain: rumination (eg, ''I can't keep it out of my mind''), magnification (eg, ''I become afraid that the pain will get worse''), and helplessness (eg, ''It's awful and I feel that it takes over me''). Items are responded to on a 5-point scale ranging from 0 (not at all) to 4 (extremely). The PCS-C has demonstrated good reliability (total scale a = .87, rumination a = .73, magnification a = .68, helplessness a = .79), predictive validity, and invariance across age and sex among Flemish-speaking children and adolescents. 9
Data Analytic Plan
As noted above, the entire sample was randomly divided into Groups A and B. Data from Group A were used to conduct EFAs of 1-, 2-, and 3-factor models 9,28,35,40 using principal axis factoring with promax rotation using the ''kappa equals 4 default.'' As the current data were nonnormally distributed, principal axis factoring was deemed to be most appropriate for the current investigation. 7 Data from Group B were used in CFAs comparing results of the EFAs and the original 3-factor model.
Results
Descriptive Data
The PCS-C item means and standard deviations for each group are presented in Table 1 . Many of the indices of univariate skewness and kurtosis had nonnormal positive distributions, which was an anticipated function of assessing pain catastrophizing in a child sample. 11 Only 1 variable had significant negative skew (item 8: ''I want the pain to go away''). As a single negatively skewed variable among a group of positively skewed variables has the potential to degrade EFA solutions, 37 EFAs and CFAs were run with and without item 8. The following results pertain to analyses that included responses for item 8, though results of analyses with item 8 yielded similar results. There were no significant differences between groups in PCS-C total scores, t(1006) = .571, P = .57, r 2 < .001 (PCS-total scores without item 8, t(1006) = -.427, P = .67, r 2 < .001). The 2 groups were not significantly different with regard to age, t(504) = 1.39, P = .164, r 2 < .001. Correlations between age and PCS-C total score were nonsignificant for Group A, r(504) = -.015, P < .37 nor Group B, r(502) = -.021, P < .32; consequently, age was not considered in further analyses. The 2 groups were not significantly different with regard to sex, c 2 (1) = 1.615, P = .204. However, significant differences were found within each group, suggesting that girls had higher levels of catastrophizing: (Group A, t(504) = 3.64, P < .001, r 2 = .16; Group B, t(502) = 3.68, P < .001, r 2 = .16). Although effect sizes were small and this finding is not uncommon for painrelated 8, 5 and anxiety 13 measures, CFAs of the model with the best goodness of fit were conducted separately for females and males in order to assess whether the model would vary as a function of sex.
EFAs and Item Reduction
Principal axis factoring was conducted on the 13 items with promax rotation. Scree plot and eigenvalues >1 suggested retention of 2 factors, whereas parallel analysis suggested retention of 1 factor. 32 Because 3-factor solutions have been previously identified in adult 35 and child 9 samples, the current investigation extracted 1-, 2-, and 3-factor solutions with and without PCS-C item 8 included. One-factor solutions revealed a unitary catastrophizing construct with all items loading $.45 (with item 8) and $.56 (without item 8), accounting for 42% and 44% of the variance, respectively. Two-factor solutions had 3 items (items 7, 12, and 13) that loaded poorly on all factors (<.4), 37 which were removed from the analyses. Remaining item loadings were $.52 (with item 8) and $.62 (without item 8), accounting for 52% and 55% of the variance, respectively. The 3-factor solution revealed 1 dominant factor (composed of 9 items) and 2 smaller factors (each composed of only 2 items). Removal of item 8 resulted in a solution with a more even distribution of items across factors (5, 3, and 3 items, respectively). Item 12 (''There is nothing I can do to stop the pain'') was also removed from the analyses, as it loaded poorly (ie, #.26) on all factors. The revised 3-factor model accounted for 54% of the variance (helplessness = 46%, rumination = 6%, magnification = 2%). Item loadings from the pattern matrix of the revised 3-factor solution are presented in Table 2 .
CFAs
CFA was used to evaluate the aforementioned models, as well as the original 3-factor model proposed by Crombez and colleagues. 9 Three-factor solutions were evaluated using oblique and second-order factor structures. All CFAs were conducted using AMOS 20 (SPSS Inc) with data from Group B. Model fit was assessed using c 2 (values should not be significant), c 2 /df (values should be <2.0), the comparative fit index (values should be >.95), the root mean square error of approximation (values should be <.06), expected cross-validation index (ECVI; smaller values are a better fit), and the standardized root mean square residual (values should be <.08). 3, 16 Emphasis should be placed on the last 5 fit indices when evaluating goodness of fit, as c 2 indices have a potential for inflation associated with sample size. 16 Fit indices for the models are presented in Table 3 . Only the original and revised 3-factor oblique models from the EFAs provided adequate fit to the data. A traditional nested c 2 difference test revealed a significant difference (P = .001) between these 2 models, indicating that the revised PCS-C provided a statistically better fit to the data than the original model. Results of the ECVI, a comparative fit index, also indicated that the revised PCS-C provided a statistically better fit to the data than the original model (see Table 3 ). In order to assess whether the revised model varied as a function of sex, CFAs were conducted separately for males and females using the entire sample. Fit indices (available from authors on request) remained similar to those reported above, supporting model invariance across sex. CFAs of the original and revised PCS-C were also conducted using a subsample of individuals with pain (ie, those experiencing pain at least ''once or twice a week''). The pattern of results for the original and revised PCS-C did not change. Results of the ECVI indicated that the revised PCS-C provided a statistically better fit to the data than the original model (see Table 3 ). A traditional nested c 2 difference test revealed a significant difference (P < .05) between the 2 models, also indicating that the revised PCS-C provided a statistically better fit to the data than the original model in a subsample of individuals with pain.
Internal Consistency
Data from Group B were used to calculate internal consistency, means, and SDs for the 3 factors of the revised 3factor model. Cronbach's alpha for the subscales were as follows: helplessness, .84 (mean = 5.03, SD = 4.24); rumination, .81 (mean = 5.44, SD = 3.40); and magnification, .71 (mean = 3.49, SD = 2.84). Cronbach's alpha for the revised 3-factor model was .90 (mean = 13.97, SD = 9.13). As previously suggested, we recommend that the subscale scores on the PCS-C be calculated by summing items related to each factor. 35 Factors of the revised PCS-C are composed of the following items: rumination = 9, 10, 11; helplessness = 1, 2, 3, 4, 5; and magnification = 6, 7, 13.
Discussion
The primary purpose of this study was to provide the first empirical investigation of the factor structure of the PCS-C in a large English-speaking community sample. The EFAs provided acceptable 1-, 2-, and 3-factor solutions. The CFAs indicated that both the original PCS-C and a revised 3-factor solution comprising 11 of the original 13 items provided an adequate fit to data; however, the revised PCS-C provided a statistically significantly better fit when compared with the original PCS-C model and the other model variants suggested by EFAs. All items of the revised 3-factor model loaded on their original factors and, therefore, support previous research indicating that the PCS and PCS-C assess 3 related yet distinct dimensions of catastrophizing (rumination, magnification, helplessness) in adult 35 and child samples. 9 Total and subscale scores of the revised 3-factor model demonstrated good internal consistency, slightly higher than those reported in examinations of the original PCS (with the exception of the rumination subscale 35 ) and the PCS-C. 9 Results provide evidence that like the original PCS-C and unlike the PCS, dimensions of pain catastrophizing assessed by the English version of the PCS-C are invariant across age and sex. The current investigation revealed differences in item loadings between the revised PCS-C, the Flemishlanguage version of the PCS-C, 9 and the original PCS. 35 For example, item 12 (''There is nothing I can do to stop the pain'') was problematic for the PCS-C in the current sample, as it loaded poorly on all 3 factors of the revised 3-factor solution. Similarly, although item 8 (''I want the pain to go away'') had salient loading in all of the solutions, it was subsequently removed from analyses because it demonstrated significant negative skew (ie, it was strongly endorsed by more than half of the participants). This finding seems intuitive, as pain is an evolutionarily relevant and inherently aversive sensory and emotional experience 19 that typically activates escape tendencies 10 ; however, this item was not reported as being problematic in examinations of the factorial structure of the PCS conducted among adults 28, 29, 35 nor of the factorial validity of the PCS-C conducted among Flemish-speaking children and adolescents. 9 Skewness and the degree of individual item endorsement were not reported in these studies; therefore, it is unclear how this item may have affected the respective factor solutions. It is also possible that differences in responses to item 8 found across studies might be related to a change in wording that occurred when the PCS items were adapted for use with children in Flemish (eg, when I am in pain: ''I anxiously want the pain to go away'' vs ''I want the pain to go away'') and then back-translated to English. It is recognized that cross-cultural adaptation of self-report tools is a process that should include both linguistic translation as well as adaptation to the culture to maintain content validity of measures across contexts, with back-translation being only one of several steps in this process. 2 Retention of psychometric properties across translated versions of measures cannot be assumed without formal examination of the validity and reliability of the adapted scale.
Although the present results provide further support for the 3-factor structure of the revised PCS-C, there is emerging evidence to suggest that there may be underlying differences in the construct of pain catastrophizing across the life span. Pediatric pain theorists have recently questioned the developmental appropriateness of the construct in childhood 11 and argue that unique features of social cognition in youth (eg, magnification of perceived negative consequences, magical thinking, emotional control, fragile coping) make catastrophizing about pain a normal, as opposed to pathologic, developmental process. To support this argument, Eccleston et al 11 critically examined their own data yielded from 4 studies (mean = 2,348) including children and adolescents from clinical and community samples. The overall mean strength of endorsement for all 13 items of the PCS-C was low (mean = 1.21, SD = 1.08), albeit slightly higher in the clinical sample. This indicates that the cognitions included in the measure were infrequent and relatively weak. Consistent with the present results, they found that item 8 (ie, ''When I am in pain, I want it to go away'') was the most highly endorsed item and concluded that the PCS-C in its entirety might be more reflective of children's tendency to worry about pain than of their catastrophic beliefs. Furthermore, in contrast to examinations of the adult PCS, 35 in the present study, the helplessness (vs the rumination) subscale accounted for the largest proportion of variance in the revised PCS-C. Indeed, when compared to adults, children have less experience in emotional coping, fewer problem-solving skills to draw from, and less agency by which to exert control. 6, 11 Such factors could amplify a child's perceived degree of helplessness and contribute to fundamental differences in pain catastrophizing processes in children versus adults. Although a comprehensive understanding of pain during early developmental periods transcends downward extension of knowledge garnered in adulthood and necessitates appreciation of the unique context of childhood, 24 our assessment tools are often derived from adult constructs and measures; the PCS-C is no exception.
This study had limitations that highlight important avenues for future research. The present study examined a large community sample of children and adolescents. Although recurrent and chronic pediatric pain occurs with high frequency among youth in community samples (eg, median prevalence rates of 11-38% 20 ), examination of the factorial validity of the measure in clinical samples of children with chronic pain is warranted. Similarly, given the central role of pain catastrophizing in recently proposed pediatric models to explain factors underlying the exacerbation of acute pain 27 and the development of chronic pain among children and adolescents, 1 research should examine the PCS-C among children undergoing invasive painful medical procedures (eg, major surgeries). This would enable examination of its role and sensitivity to change as pain resolves and/or becomes persistent and chronic over time. Despite emerging evidence supporting the powerful role of child pain catastrophizing in predicting trajectories of risk and resilience for chronic pain and psychiatric comorbidities in early adulthood, 45 it is currently unclear whether pain catastrophizing is a modifiable factor that can be targeted and changed following intervention. Future research should examine the sensitivity of the PCS-C to change through assessment of the construct in clinical samples of children and adolescents before, during, and after they receive evidence-based intervention. However, psychological strategies that have been shown to reduce acute pain and distress among children and adolescents (eg, distraction 39 ) have been found to be ineffective and may actually intensify the pain experience of highcatastrophizing children during experimental pain. 44 As such, the unique needs of this vulnerable group of youth should be considered when designing studies that aim to examine the sensitivity of the PCS-C to change, as interventions tailored to their unique needs may first need to be designed. Finally, the structure of the revised English-language version of the PCS-C was found to be invariant across age and sex; however, similar to previous research using the Flemish and English-language versions of the PCS-C, 9, 13 girls were found to have higher rates of pain catastrophizing than boys. Differences in the degree to which items are endorsed by girls and boys is deserving of further investigation.
The field of pediatric pain has largely neglected to examine the differential utility and factor structure of its measures, including the PCS-C, separately for children and adolescents; rather, these diverse developmental stages are typically treated as one seemingly homogenous group (eg, 8-18-year-olds). This categorization is likely erroneous because of the rapid and continual changes that occur from early childhood to emerging adulthood in the realms of cognitive and social development, autonomy, and coping skills. 6, 11 As such, the present findings should be interpreted within a developmental context, and future research should examine the validity of the PCS-C across various stages of childhood and adolescence.
To summarize, the present study is the first to provide empirical support for the factorial validity of the English-language version of the PCS-C. Findings suggest that either the revised 11-item or the original 13-item measure can be used with this population for calculation of subscale scores. Consistent with recent thinking and research in the field of pediatric pain, 11 researchers and clinicians are urged to examine the pattern of endorsement of all PCS-C items, which may be suggestive of developmental differences in the meaning of the construct and the normative nature of the processes described therein. Caution should be used so as to not pathologize what could be typical cognitive and emotional responses to pain in childhood. Pain catastrophizing has consistently emerged as one of the most powerful predictors of pain response and outcomes across the life span, and inclusion of the construct in pediatric pain research will likely continue to flourish. Because scientific discovery is only as sound as the measures used to assess phenomena, the field requires additional investigations into the psychometric properties of the PCS-C, especially in clinical populations, in conjunction with the creation of new developmentally sensitive psychological measures.
